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I. Introduction
The schooling of today’s children has important effects on the productiv-
ity, income, and health of tomorrow’s adults.1 The distribution of school-
ing among households today shapes the distribution of income and of
other indicators of well-being among tomorrow’s households. Basic
schooling is heavily subsidized in most societies. This does not mean,
however, that the distribution of schooling—or, more important, such
products of schooling as cognitive achievement—is unaffected by the
distribution of real income among households. To the contrary, in most
societies household income and the cognitive achievement of children
are positively associated. To the extent that real household income is cor-
related with the quantity and quality of schooling services, raises the
household’s demand for schooling, and enhances the capacity of children
to convert educational opportunities into cognitive skills, schooling may
actually perpetuate or even worsen welfare differences between members
of low- and high-income households.
Evidence regarding the influence of household income on schooling
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attainment and cognitive achievement in developing countries is quite
limited. Most studies simply relate a measure of the quantity of school-
ing (e.g., age-specific schooling progress or schooling attainment) to
household income and report significantly positive coefficient estimates.
These studies have several limitations: (1) They tend to report only the
statistical significance of the income coefficient estimates without com-
municating whether such effects are substantial. (2) They tend to use cur-
rent income, which may bias estimated income coefficients toward zero
if more permanent income constraints are more relevant.2 And (3) they
focus exclusively on one input into the production of cognitive achieve-
ment—duration in schooling—and ignore other inputs into cognitive
achievement such as school quality, household environment, and com-
munity characteristics that may change with household income and af-
fect cognitive achievement independent of the duration of schooling.
Failure to control for such factors may bias substantially the estimated
income effects.3
For this study, we generated data in rural Pakistan to investigate,
for the first time, the impact of real household permanent income on cog-
nitive achievement. The investigation has two components. First, we ob-
serve that respondents born to households in the top quartile of perma-
nent income for our sample scored higher on tests of cognitive skills than
did respondents from households in the bottom quartile. We refer to this
difference between the mean cognitive skills test scores for the top in-
come quartile and for the bottom income quartile as ‘‘the income gap in
cognitive skills.’’ This gap is large: 40.4% of the average score for high-
income households for the 20–24 age cohort, and 53.1% for the 30–44
age cohort.
Second, we decompose this income gap in cognitive skills to inves-
tigate the extent to which the gap can be explained by income-associated
differences in (a) the availability of schools, (b) the probability that chil-
dren start school (conditional on schools being available), (c) schooling
attainment (conditional on starting school), and (d) school quality,
household environment, or community characteristics (conditional on ex-
pected schooling attainment). In this decomposition, we distinguish two
effects: the ‘‘direct income effects’’ that would result from changing real
permanent income for low- and high-income households to that of aver-
age households and the ‘‘income-associated effects’’ that would result
from changing other household characteristics from the levels of low-
and high-income households to average levels for all households. This
distinction is important in assessing the effectiveness of alternative poli-
cies designed to close the income gap in cognitive skills. Our results sug-
gest that direct income effects are less important than previously thought
and that most of the direct effects are through creating a home environ-
ment that is conducive to learning rather than through stimulating the
demand for school.
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Section II presents our conceptual framework for analyzing and de-
composing the cognitive achievement gaps associated with income. Sec-
tion III introduces the data that we use for our analysis. Section IV gives
our estimates of the underlying critical relations and our decompositions
of the cognitive achievement gaps associated with income. Section V
provides conclusions.
To put our results in context, it is useful to look at the income distri-
bution in Pakistan in general and in rural areas in particular. Among 36
low- and middle-income economies, Pakistan has the tenth-largest share
of income received by the bottom quintile and the seventh-smallest share
of income received by the top decile.4 If the comparison is limited to the
15 low-income countries, in order to have a group of countries with more
similar levels of development, Pakistan is at the median (eighth) with
regard to the size of the share of the bottom quintile and has the fifth-
smallest share for the top decile. Thus, these data suggest that income is
distributed relatively equally in Pakistan, at least with regard to the ex-
tent of concentration in the tails of the distribution (with relatively high
shares at the bottom and relatively low shares at the top), in comparison
with all other developing countries, as well as somewhat more equally
than in other low-income countries.
However, estimates for Pakistan indicate a relatively low concentra-
tion of households below the poverty line in rural areas, although there
are substantial comparability problems in establishing the poverty levels
across countries.5 The estimates also indicate that the rural poverty rates
in Pakistan, while not declining as rapidly as in China, Indonesia, and
Korea, declined in recent years more rapidly than in the majority of
Asian countries for which such comparisons can be made. Both the ex-
tent of overall income inequality and the share of the rural population
below the poverty line in Pakistan (and the recent change in the latter)
are at or below the median for developing countries in general and com-
parable countries in Asia in particular.
These comparisons are based on measures of income for 1 year, be-
cause, in general, those are the only available data. In much of rural agri-
culture in developing countries, however, transitory income fluctuations
may be considerable because of weather shocks and limited ability to
buffer them. If longer-run income measures are more likely to constrain
longer-run investments in schooling, the extent of income variance in the
annual data may be a misleading predictor of the influence of permanent
income on cognitive achievement.6 Moreover, if current income is influ-
enced by the productivity of respondents who have completed schooling,
then it will be a positively biased proxy for income at the time schooling
decisions were made.
Therefore, for use in our analysis, we have calculated measures of
permanent income at the time the respondent was of school age. To do
so, we first regressed current household income on parental characteris-
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TABLE 1
Household Permanent Income at Age of
Schooling (Thousand 1988 Rupees)
Age Cohort
20–24 Years 30–44 Years
75th percentile 29.018 26.527
Median 23.378 22.060
25th percentile 21.011 20.773
tics, including education, employment, and acreage farmed, if any. We
then used the parameters of this equation, together with measures of the
corresponding variables for each respondent’s parents, to obtain a mea-
sure of the parents’ permanent income (in 1989 rupees).7 Among the 846
households in our sample for which permanent income data could be cal-
culated in this procedure, average household income was just over
23,000 rupees with a standard deviation of 13,500 rupees. Thus, there
remains substantial variation in our permanent income measure with
which to conduct our cognitive skills decomposition exercise. Table 1
summarizes these data by presenting permanent incomes for households
at the 75th percentile (households with the lowest incomes in the highest
quartile) and at the 25th percentile (households with the highest incomes
in the lowest quartile) for the two age cohorts that we consider below.
The household permanent income at the 25th percentile is 72% and 78%
of that at the 75th percentile.
The gap in mean household income between the top and bottom in-
come quartiles is 51.1% for the 20–24 age cohort and 47.1% for the 30–
44 age cohort.8 The corresponding cognitive skills gaps, noted above, are
40.4% and 53.1%, respectively. Thus, income inequality in our sample
is associated with substantial inequality in an important dimension of hu-
man capital.
II. Conceptual Framework
Cognitive skills will vary with income to the extent that income varies
with the availability of reasonably accessible schools, the household’s
demand for schooling, and the quality of instruction in schools as supple-
mented by out-of-school investments by the household. We consider
these in turn.
School Availability
In rural Pakistan, primary school (in general, kindergarten plus grades
1–5) is followed by middle school (grades 6–8). Students continuing in
school usually complete two more grades (9 and 10) before sitting for
the matric exam, two more grades (11 and 12) before taking the FA or
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FSc exam, and two more grades (13 and 14) before taking the BA or
BSc exam. Preparation for these exams occurs at secondary schools and
postsecondary institutions that, for many sample households, are located
in towns some distance from home. Few respondents in our sample have
taken these exams. Therefore, we focus on the availability of primary
and middle school.
Although in rural Pakistan public primary school establishment de-
cisions are made beyond the village-government level, they plausibly
may be in responses to local characteristics such as income or political
power.9 The possibility of schools being available in response to income,
of course, is important from the point of view of this study. The local
availability of social services provided by higher governmental units
may be in response to political pressures, in which case higher-income
villages might be expected to have higher probability of having schools
available. Or availability may reflect equity concerns, in which case
higher-income villages might be expected to have lower probability of
having schools available.10
Estimation of governmental preferences for the allocation of school
resources across communities in Brazil indicates that combined (i.e., fed-
eral, state, and municipal) governmental allocations of teachers at dif-
fering schooling levels are consistent with the combined governments
making some trade-off between productivity and equity in such alloca-
tions. But they do not appear to weigh equity enough to make invest-
ments compensatingly larger in poorer than in richer areas. Similar esti-
mates for Mexico in 1980 and 1990 suggest that the federal government
allocates such resources with concern about both equity and productivity
and that the concern about equity probably increased over the decade.
Finally, standard cross-national estimates of school enrollment decisions
assume that schooling importantly reflects income and price demand de-
terminants that manifest themselves through the political process to af-
fect school availability and school quality.
To examine the importance of these effects in rural Pakistan, we
estimate relations for the determination of primary school availability
over time in different sample villages that are dependent, inter alia, on
average village sample income. The data used for these estimates are dis-
cussed in Subsection III.A, and the estimates themselves are presented
and discussed in Subsection IV.A.
Household Schooling Demands Conditional
on Local School Availability
Conditional on availability, whether a household demands schooling de-
pends on the balance between the costs of schooling and the expected
benefits. Schooling costs depend on prices for out-of-pocket expendi-
tures, the opportunity cost of time spent in school, and perhaps other
household characteristics, including income and parental schooling. The
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expected benefits are assumed to be primarily the increments in expected
marginal product, which is posited to be mainly a function of cognitive
achievement. Cognitive achievement, in turn, depends on individual at-
tributes of the child (gender, age, and potential to learn), family back-
ground variables that determine the home learning environment (income
and parental education), and the quality of the school system.
Income can affect the demand for schooling through several chan-
nels, though, a priori, the total effects may be either positive or negative.
If schooling in part is a normal consumption good, ceteris paribus, higher
income would increase the demand for schooling. If such consumption
is an important part of the motive for schooling, and this consumption is
viewed as a luxury (plausible for very-low-income households), this ef-
fect could be large. If schooling is viewed, in part, as an investment and
capital markets are imperfect, then, ceteris paribus, income would posi-
tively affect the demand for schooling. Higher income would permit fi-
nancing of more time in school, a household environment that is more
conducive to learning, and better information regarding the expected re-
turns to school.11 Higher-income households can afford to purchase bet-
ter information about the costs and benefits of schooling.12 On the other
hand, given the high contribution of opportunity cost to the total cost of
schooling, if there are high transaction costs for children working away
from the family farm, and if income is associated with land assets, then,
ceteris paribus, the relationship between household income and the de-
mand for schooling would be negative.
In addition, there are a number of reasons why schooling may be
associated with income in a cross-section of households, even if these
reasons do not imply a causal relationship between income and the de-
mand for schooling. That is, in standard analysis, income may be a proxy
for other variables, so that the estimated effect of schooling also includes
the correlated effects of these other variables. Four examples, all holding
other factors constant, are (1) tastes for consumption and work intensity
may vary with income and the household may invest in schooling to in-
crease the future command over income; (2) there may be abilities corre-
lated across generations that affect both success in school and adult eco-
nomic success; (3) better-schooled parents may more effectively process
signals regarding the expected returns to schooling (particularly given
rapidly changing markets and technologies), and the schooling of parents
may be associated with household income; and (4) family connections
in the labor market may affect the expected rate of return to schooling,
and family connections may be correlated with income.13
Separating the causal effects from the correlative effects of income
on household schooling demands is crucial to assessing what would hap-
pen if income were to change. Although in our data set (and even more
so in most other data sets) this is difficult to do, we control for some of
the most important correlations. For example, we control directly for pa-
Harold Alderman et al. 103
rental schooling. We also control, at least partially, for ability, a variable
that usually is unobserved.
We estimate a household demand function for schooling with
household income included among the possible explanatory variables.
Because such a large proportion of our sample has no schooling at all,
we model the demand for schooling in two steps. First, we estimate as a
probit, conditional on the availability of a primary school, the probability
that a respondent attends at least one year of primary school. We assume
there is some unobserved index of the net benefit of starting school,
which in turn is a linear function of the determinants of the demand for
schooling and a normally distributed error term. If this index is greater
than zero, we then observe the respondent attending at least one year of
school. The probit technique estimates coefficients of the net benefit
function to maximize the likelihood that the fitted value of the index ex-
ceeds zero if a respondent reports at least one year of schooling.
We then model schooling attainment, conditional on starting school,
as an ordered probit. We assume there is an unobserved index of the net
benefit of schooling, which in turn is a linear function of the determi-
nants of the demand for schooling and a normally distributed error term.
As this index exceeds successively higher thresholds, the respondent
completes additional years of schooling. The ordered probit technique
estimates values for these thresholds and the coefficients of the net bene-
fit function to maximize the likelihood that the fitted value of the index
falls between the thresholds corresponding to the respondent’s particular
level of schooling.14
School Quality and Home Learning Environment
Cognitive skills are determined by a production function reflecting indi-
vidual characteristics, years of schooling, school quality, and out-of-
school family investments. We include income in our representation of
the home learning environment, in addition to parental schooling, to rep-
resent dimensions of that environment that affect learning and that are
purchased with income but are not directly observed in the data (e.g.,
reading material, radios). This representation may overstate the direct
impact of home income on cognitive achievement because income, in
part, may be representing unobserved income-associated household fac-
tors.
Preliminary estimates demonstrated that the coefficients of a linear
cognitive skills production function are sensitive to the choice of explan-
atory variables. Because the level of schooling, school quality, the indi-
vidual’s potential to learn, and family inputs all interact, we use a multi-
plicative (Cobb-Douglas) functional form for the production function—
with gender, regional, and school dummies serving as shifters for the
constant. We control for the simultaneous determination of cognitive
skills and schooling attainment by using predicted schooling attainment
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from the ordered probit model to instrument years of schooling in the
cognitive skills production function.15
In Subsection III.B we discuss the data used for the estimation of
the cognitive achievement production functions. In Subsection IV.B we
present and discuss the estimates.
Decomposition of Income Effects on Cognitive Achievement
We use our analysis of the determinants of school availability, schooling
attainment, and cognitive skills to predict expected cognitive skills of in-
dividuals at the sample means for respondents from low- and high-in-
come households.16 Details of the calculations appear in Subsection IV.3.
From this we calculate the expected income gap: the difference between
high-income cognitive skills and low-income cognitive skills as a per-
cent of high-income cognitive skills. In our decomposition simulations
we successively equate each of the component estimates to the full sam-
ple means and thereby measure the contribution of that component to the
overall income gap in cognitive skills.
III. Data
Since 1986, the International Food Policy Research Institute (IFPRI), un-
der the auspices of the Pakistan Ministry of Food and Agriculture, has
been administering a multipurpose survey to a panel of over 800 rural
households containing more than 7,000 individuals drawn from villages
in two districts (Attock and Faisalabad) of the Punjab, one district (Dir)
of the North West Frontier Province, and one district (Badin) of the
Sind.17 Human-capital modules, on which we draw heavily for this study,
were administered in the spring of 1989, the tenth round of the survey.
These modules contain inter alia school characteristics (including when
schools became locally available) and household and individual charac-
teristics (including household income, parental schooling, prices, school-
ing attainment, reasoning ability, and postschooling cognitive achieve-
ment).
A. Data for Village-Level School Availability Relations
Table 2 contains descriptive statistics for the 43 villages for which we
could accumulate reasonably complete data. Of the 43 villages, 51.2%
had primary schools in the village for boys age 10–15 at the time of the
survey; 21% had primary schools for girls in the same age cohort.18 Per-
manent village-level mean household income averaged 24,800 rupees
per year, which is close to the average for all households in our sample.
The mean effective distances to Mandi and to market were about 12 kilo-
meters, to the Tehsil capital about 16 kilometers, and to the district capi-
tal more than 40 kilometers.19 Almost half (47%) of the villages had a
union council member, about a fifth had a government official, but only
7% had a district council member and only 2.3% (one village) had a
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member of parliament. Village land area averaged 3,057.3 acres, and vil-
lage populations averaged 1,866 individuals in 324 households.
There is considerable intervillage variation in these characteristics,
much of which is interdistrict. As is indicated in the last four columns
of table 2, for example, sample mean household incomes tend to be rela-
tively high in Dir; sample villages in Dir tend to have relatively great
school availability and those in Badin tend to have relatively little school
availability; sample villages in Badin tend to be relatively far from
Mandi, market, and Tehsil capitals but close to the district capital; sam-
ple villages in Faisalabad tend to have more governmental connections
except for district council members; and sample villages tend to be rela-
tively large in land area in Attock and relatively large in population in
Faisalabad.20 But there also are considerable intradistrict variations
across some of these characteristics, such as the distance to the district
capital in Dir and the mean land area in Attock.
B. Data for Individual Schooling Demand and Cognitive
Achievement Production Function Relations
For our analysis of the income gap in cognitive skills, we sought the
youngest of the age cohorts in which all respondents had completed for-
mal schooling and for which one could assume that school and commu-
nity characteristics were reasonably unchanged.21 For this 20–24 age co-
hort, table 3 presents means and standard deviations of key variables for
the 330 respondents, for whom we have useable data.22 For intertemporal
comparison, we include data on the 30–44 age cohort—chosen to in-
clude comparable numbers of schooled respondents, despite lower en-
rollment rates in the past.
Family income. We use predicted rather than observed household
income for the three reasons discussed in the introduction: there are large
transitory fluctuations; a priori, a permanent income measure seems more
appropriate for analysis of long-run investments such as in schooling;
and schooling attainment may bias current income as a measure of
household income at the time the schooling decision was made.23 Pre-
dicting income on the basis of parents’ assets and other characteristics as
is discussed above yields an unbiased measure of permanent household
income. The substantial difference in income between the subsamples is
the key to our efforts to measure the direct effect of income on cognitive
skills.
Gender. Women account for a larger portion of the 30–44 age co-
hort. For the 20–24 age cohort, the representation of women is relatively
higher in the high-income sample, while for the 30–44 age cohort this
is reversed. We are unaware of any systematic explanation for this rever-
sal.24 The distribution of women in our sample tends to depress the ob-
served income gap for the younger age cohort and accentuate it in the
older one.
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Regional differences. There are substantial regional differences
between the low- and high-income samples. Respondents from Dir repre-
sent a large portion of the high-income subsamples, while respondents
from Badin (the residual category in table 3) comprise a large portion of
the low-income subsample.25 A substantial portion of the indirect effect
of income on cognitive skills may reflect these regional differences.
School availability. Whether a school was available in the village
at the time the respondent had attained school age was indicated by our
school survey (Subsection III.A). If a respondent was from a village not
included in the school survey, we proxied school availability by de-
termining the earliest date a respondent from the village attended school
in or near the village.26 Only 44% of the older cohort had access to a
primary school at the time respondents were of school age. Respondents
from high-income families were more likely to have a primary and mid-
dle school available than were respondents from low-income families.27
Fewer than 70% of the younger cohort had access to school. Children
from low-income families had a slightly higher probability of having a
primary and middle school available.
Schooling attainment. The average number of years of schooling
completed is low for both cohorts. For the 20–24 age cohort, respon-
dents from low-income households completed an average of 2 years of
schooling—more than a full year less than respondents from high-in-
come households. The gap between subsamples was a full 2 years for the
older cohort, with respondents from low-income households reporting an
average of 0.5 years of schooling.
Cognitive achievement. Our measure of cognitive skills was gen-
erated by administering (in the regional language) tests of literacy and
numeracy specially designed by the Educational Testing Service to every
person in our sample older than 10 years of age and with at at least 4
years of schooling.28 Among those who took the cognitive-skills test, the
distribution of the scores was not truncated; it exhibits substantial vari-
ance and appears to be normal. The means indicate substantial income
and cohort gaps in cognitive achievement. For the 30–44 age cohort, the
income gap in cognitive skills is 53.1%.29 Cognitive skills for both sub-
samples have risen for the 20–24 age cohort. The income gap has fallen
to 40.4%, still a substantial level.
Reasoning ability. To obtain a measure of reasoning ability, we ad-
ministered Raven’s Coloured Progressive Matrices (CPM), a test that in-
volves the matching of patterns, to everybody in the sample older than 9
years of age.30 The test is designed so that formal schooling does not influ-
ence performance, although performance may reflect early childhood envi-
ronment as well as innate capacity. The distribution of the CPM test scores
is not truncated at either tail; it exhibits substantial variance and appears
to be normally distributed. The disaggregated distributions for Dir, the
Punjab, and Badin are very similar. Since schooling levels differ substan-
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tially across regions, this similarity is consistent with the presumption
that schooling attainment does not influence performance on Raven’s
CPM test. This test has been used to control for ability in estimates of
the determination of cognitive achievement in other economic and non-
economic analyses.31 In our analysis, we treat the Raven’s score as prede-
termined. Because of some controversy over what this test score means,
however, we also have undertaken parallel estimates in which we ex-
clude the Raven’s score as an explanatory variable.32 The magnitudes of
the key estimates presented in Section IV change little.
Parental education. Parental schooling is substantially greater for
the high-income subsamples. For the 20–24 age cohort, 20% of respon-
dents from high-income families had fathers who had completed middle
school, while fewer than 3% had fathers who had achieved that level of
education in the low-income subsample. Two percent of respondents
from high-income families had mothers with primary schooling, while
fewer than 1% from low-income families had educated mothers. Parental
schooling for the 30–44 age cohort is substantially lower. Note that no
respondent from a low-income family in the older cohort had an edu-
cated mother. The substantial differences in parental schooling by in-
come subsamples mean that control for parental schooling may be criti-
cal in our estimates in order to avoid attributing to direct income effects
what in fact may be parental schooling effects.
Price of schooling. To calculate distance (time) to the nearest
available school, we used the average travel time for children currently
in school in each village as a proxy for the travel time of all respondents.
Where there were fewer than five children in school for a village at the
time of the survey, we used as a proxy the mean travel time conditional
on district and whether the nearest school is located in the village or a
nearby village or town.33
Expenditures on books and school supplies are dependent not only
on the school system but also on the household’s preferences and in-
come, and, consequently, they have endogenous components. To obtain
a proxy for the exogenous cost component, we estimated educational ex-
penditure functions, including a vector of household characteristics and
dummy variables for district, level of schooling, gender, and whether the
school was located in the village or a nearby town. The household vari-
ables were then held constant to predict exogenous costs, i.e., prices.
IV. Estimates and Income Gap Decomposition
To decompose the income gap in cognitive skills, we require estimates
of the direct income effects and income-associated effects on school
availability, the probability of starting school (conditional on school
availability), expected years of schooling (conditional on starting
school), and expected cognitive skills (for given schooling attainment).
In Subsection IV.A, we provide evidence that there are no direct income
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effects on school availability in our sample. Subsection IV.2 presents the
estimates of the schooling demand and cognitive skills production rela-
tions.
A. Village-Level School Availability
Is village-level school availability in rural Pakistan associated with aver-
age village-level income? Table 4 presents probit estimates relating, by
gender, primary school availability to village-level characteristics.34 The
probit in column 1 contains mean village-level household income, dis-
tances from political and urban centers, indicators of political influence,
and village-size measures.35 The Wald statistic indicates a significant re-
lationship between these variables taken together and the probability of
finding a school in that village. In this relation, for boys (though not for
girls) mean village-level household income appears to have a significant
positive effect on school availability. If district dummy variables are
added (col. 2), however, the village-level characteristics become insig-
nificant.36 The implication is that interdistrict, not intradistrict, varia-
tions in the village characteristics affect school availability so that the
school availability–income correlation observed in column 1 results is
spurious.
Column 3 repeats the specification in column 1 but drops villages
in Dir; in this reduced sample this specification has no explanatory
power. A possible explanation is that there is greater, unobserved interest
in schooling in Dir than in the other districts. This may reflect the fact
that since Mogul times the Pathan regions have relied on out-migration
(first as soldiers, then as urban laborers) to supplement the meager agri-
culture of the area, which likely adds to the perceived returns to school-
ing. In any case, these estimates suggest that, once there is control for
region, village-level characteristics—including mean household in-
come—do not significantly affect the probability that schools are avail-
able. Thus, the allocation of schools across villages appears to favor nei-
ther higher-income villages (which would seem to have more political
power) nor poorer ones (which might be favored if equity considerations
were weighed heavily), i.e., there are no direct income effects on school
availability.
This has two implications for the remainder of our analysis. First, in
the estimates in Subsection IV.B we consider the availability of locally
available schools to be given from the point of view of individual house-
holds. Second, the sample means by income level for school availability
from table 3 measure the income-associated effects for the decomposi-
tion in Subsection IV.C.
B. Estimates of Household School Demands and Cognitive
Achievement Production Functions
Household school attainment demand estimates. Table 5 gives esti-
mates of the probit regressions for the probability of starting school con-
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TABLE 5
Probability of Attending School Probits by Gender and
Schooling Attainment Ordered Probit
Probability of Attending School School
Attainment
Variables Men 10–24 Women 10–24 Ordered Probit
Income .031 (4.11) .031 (1.04) .017 (4.11)
Female ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 2.385 (3.97)
Reasoning ability .057 (1.12) 2.037 (.25) .035 (1.45)
Reasoning ability2 .0006 (.47) .003 (.77) .0006 (1.04)
Age .287 (4.09) .276 (.99) .128 (14.17)
Age2 2.010 (4.81) 2.004 (.57) 2.002 (13.45)
Father primary schooling or more .119 (.56) 2.513 (1.06) .042 (.44)
Father middle schooling or more .113 (.35) 1.323 (2.21) .182 (1.49)
Middle school available .321 (.45) 3.919 (.03) 2.880 (9.93)
Distance to primary school 2.042 (4.72) 2.405 (5.52) .017 (5.09)
Distance to middle school .024 (2.58) .373 (4.42) 2.002 (.77)
Primary school book cost 2.060 (9.48) 2.051 (1.41) 2.005 (1.88)
Middle school book cost 2.0099 (.37) 2.034 (.001) 2.010 (8.82)
Attock 1.379 (1.73) 7.472 (.03) .354 (1.26)
Faisalabad 1.051 (3.29) .475 (.27) 1.022 (3.54)
Dir 2.996 (2.09) 4.218 (.07) 2.102 (.45)
Village 1 .450 (1.31) 10.735 (.005) 2.605 (2.03)
Village 2 .573 (1.61) 10.274 (.005) 2.283 (1.00)
Village 4 .132 (.35) 10.879 (.005) .075 (.26)
Village 5 1.331 (3.16) 9.933 (.005) 2.208 (.76)
Village 6 .552 (1.43) 9.921 (.005) 2.246 (.88)
Village 8 2.152 (.17) 4.871 (.002) .361 (1.25)
Village 9 2.716 (.75) 3.063 (.001) .256 (.84)
Village 10 2.948 (.98) 3.821 (.002) .221 (.74)
Village 11 0.155 (.16) 23.282 (.42) 2.153 (.49)
Village 12 .898 (.87) 2.625 (.001) 2.275 (.81)
Village 13 2.379 (.46) 4.629 (.002) 2.248 (.84)
Village 14 2.026 (.02) 1.772 (.001) .017 (.04)
Village 23 2.469 (.12) 22.963 (1.32) .215 (.76)
Village 26 2.267 (.46) ⋅ ⋅ ⋅ .426 (1.24)
Village 27 .289 (.55) 9.401 (.001) .920 (3.68)
Village 29 .637 (1.41) 2.105 (.02) .089 (.33)
Village 41 2.184 (.37) 2.682 (1.86) 2.309 (1.46)
Village 44 1.234 (2.02) ⋅ ⋅ ⋅ 2.278 (1.03)
Village 45 .560 (.74) 2.891 (1.90) .033 (.13)
Village 46 7.023 (.009) ⋅ ⋅ ⋅ .886 (.32)
Village 47 .709 (1.13) 2.660 (.32) .267 (.99)
Village 48 6.924 (.01) 1.419 (.47) .222 (.80)
Village 49 3.863 (.005) 2.780 (.55) .188 (.59)
Village 50 .292 (.37) 3.523 (2.62) 2.130 (.49)
Grade 5 threshold ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ .520
Grade 6 threshold ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 1.40
Grade 7 threshold ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 1.66
Middle (8) threshold ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 1.92
Matric (10) threshold ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 2.56
FA/FSc (12) threshold ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 3.31
BA/BSc (14) threshold ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 3.96
Log-likelihood 2446.8 2263.6 21828.0
N 745 384 1,071
Note.—t-Statistics in parentheses.
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ditional on schools being available and the ordered probit for schooling
attainment conditional on starting school.37 In the latter, the thresholds
indicate the value of the schooling index needed to move the respondent
to progressively higher levels of schooling. To ensure that the low direct
income effects we found were not artifacts of imprecise estimates, we
expanded the sample for table 5 beyond the 20–24-year age cohort. In
particular, we use, separately, males and females age 10–25 years with
a primary school available for the probit estimates and all respondents
who started school for the ordered probit.
Of primary interest is the estimated impact of household permanent
income. Higher household income significantly increases the probability
of starting school for males but not for females.38 We do not have an
explanation for the gender difference in effect of income on the probabil-
ity of starting school, although it is not inconsistent with the discussion
in Section II above. Conditional on starting school, higher household
permanent income also significantly increases schooling attainment.
However, for a respondent in the 20–24-year age cohort, we estimate
that increasing household income from the low- to high-income house-
hold average raises the schooling index by only .31 points, enough to
raise schooling attainment by one grade for middle school students but
representing less than a grade step increase for higher levels.
A number of the other variables that enter into our model are associ-
ated with income (as is discussed in Sec. II) and enter into our income-
associated calculations below in Subsection IV.C. Some of them have
significant effects on starting school and on schooling attainment. If the
father had at least primary schooling, for example, it will significantly
affect the probability of starting school for females. Therefore, without
control for paternal schooling, the direct income estimates probably
would be upward biased because in part they would be representing pa-
ternal schooling.39
Cognitive achievement production function estimates. Table 6
gives estimates separately for math and reading for respondents age 10–
24. As noted in Section II, we use a variant of the Cobb-Douglas form in
which cognitive skills are the product of schooling attainment, reasoning
ability, an index of the home learning environment, and a shift term that
varies by gender and village. More explicitly, we regress the math or
reading score on (α0 1 α1Female 1 α2 Attock 1 α3 Faisalabad 1 α4 Dir)α5
3 (Preschool Ability)β1 3 (Schooling Attainment)β2 3 (Home Learn-
ing Environment)β3 1 e, where Home Learning Environment 5
γ0Income 1 γ1(Father Primary or More) 1 γ2(Mother Primary or More);
the α’s, β’s, and γ’s are parameters to be estimated, and e is an error
term. There are more coefficients than variables, so one normalization is
necessary; we set γ0 5 1. An increase in income raises the value of the
home learning environment index, and hence directly increases cognitive
skills.
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TABLE 6
Nonlinear Least Squares Cognitive Skills Production
Functions for Math and Reading, Respondents
10–25 with $4 Years of School
Variables Math Reading
Home Learning Environment .114 (1.40) .376 (3.73)
Income 1.0 1.0
Father primary schooling or more 35.649 (.75) 2.984 (.24)
Mother primary schooling or more 219.819 (7.30) 1.616 (.21)
Female 20.363 (0.97) .119 (1.12)
Attock 2.136 (.83) .099 (.84)
Faisalabad .490 (1.83) .276 (1.58)
Dir .387 (1.68) 2.223 (1.57)
Reasoning ability .502 (3.62) .402 (2.89)
Schooling attainment* .249 (2.17) .256 (2.11)
Boys, village 1 .109 (.62) 2.306 (1.59)
Boys, village 2 2.403 (1.48) 2.371 (1.57)
Boys, village 3 2.405 (1.50) 2.544 (1.82)
Boys, village4 .028 (.11) 2.449 (1.69)
Boys, village 5 2.286 (1.38) 2.066 (.51)
Boys, village 6 2.129 (.70) 2.294 (1.59)
Boys, village 7 2.216 (1.02) 2.125 (.84)
Boys, village 8 .299 (1.28) .146 (.96)
Boys, village 9 2.208 (1.07) 2.182 (1.21)
Boys, village 10 2.003 (.02) 2.150 (1.10)
Boys, village 11 2.096 (.53) 2.086 (.63)
Boys, village 13 2.223 (.99) 2.197 (1.10)
Boys, village 14 2.051 (.20) .070 (.39)
Boys, village 23 .048 (.19) .080 (.46)
Boys, village 27 .078 (.46) .091 (.68)
Boys, village 41 2.160 (.83) 2.051 (.46)
Boys, village 42 2.418 (1.35) 2.113 (.71)
Boys, village 44 .363 (1.34) 2.090 (.53)
Boys, village 47 .138 (.73) .174 (1.23)
Boys, village 48 2.008 (.03) 2.118 (.81)
Boys, village 50 2.316 (1.29) 2.065 (.51)
Boys, village 51 .088 (.50) .252 (1.49)
Girls, village 2 2.276 (1.03) 2.307 (1.32)
Girls, village 8 2.095 (.33) .197 (.92)
Girls, village 9 2.536 (1.20) 2.329 (1.10)
Girls, village 10 2.174 (.71) .101 (.59)
Girls, village 12 .298 (.98) .247 (1.08)
Constant .890 .663
R2 0.32 .30
N 317 317
Note.—t-Statistics in parentheses.
* Instrumental variable from table 5.
The estimates indicate that this effect is significantly positive for
reading, though not for mathematics.40 An increase in income also in-
creases cognitive skills in both reading and mathematics through the sig-
nificant effect of schooling attainment (based on the estimates in table
5). In addition, there are income-associated effects both through the other
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inputs in table 6 and through the schooling-attainment estimates from ta-
ble 5.
C. Decomposition of the Income Gap
in Cognitive Achievement
To decompose the income gap in cognitive skills, we begin by predicting
the expected cognitive skills of individuals at the sample means for re-
spondents from low- and high-income households. This calculation re-
quires estimates of the following components:
A1 the probability that a primary school is available,
A2 the probability that a middle school is available,
B1 the probability that the individual starts school,
B2 conditional on starting school, expected schooling attainment,
C1 conditional on expected schooling attainment, predicted cogni-
tive skills, and
C2 expected cognitive skills.
For the base case, components A1 and A2 are the averages for the low-
and high-income samples. To calculate B1, we first substitute the sample
means for the variables in the schooling probit, except that we use the
availability of middle school conditional on the availability of a primary
school. This yields an estimate of the conditional probability that respon-
dents start school. Multiplying this by A1 yields B1. To calculate B2, we
substitute the sample means into the ordered probit (again adjusting mid-
dle school availability to reflect the availability of a primary school).
This yields a predicted value for the net benefit of schooling index. By
comparing this with the thresholds in the ordered probit in the last col-
umn of table 5, we derive the appropriate predicted years of schooling.
Substituting this value into the cognitive skills production function,
along with other variables at the sample means, yields C1. Multiplying
C1 by B1 yields the calculation of the expected cognitive skills for an
individual at the sample means, which in turn allows us to calculate the
income gap in cognitive achievement.
The direct income effect is obtained by equating the value of the
income variables to the full sample mean. The additional income-associ-
ated effect is obtained by equating all the remaining variables to their
sample means. This income-associated effect captures the impact of all
right-side variables that we use in our estimates in tables 5 and 6 (except
for household income) that are correlated with income.
What does the decomposition in table 7 suggest about the impor-
tance of the major underlying components in explaining the income gap
in cognitive achievement?
First, differences in school availability do not explain the income
gap in cognitive skills. As the means in table 3 suggest, there is virtually
116 Economic Development and Cultural Change
TABLE 7
Decomposing the Income Gap in Cognitive Skills
for 20–24-Year Age Cohort
Component Percentage
Base case 49.4
Equating school availability 51.5
Equating probability of starting school:
Direct income effect 44.1
Direct and income-associated effects 16.8
Equating expected years of schooling:
Direct income effect 13.8
Direct and income-associated effects 12.8
Equating expected cognitive skills:
Direct income effect 23.3
Direct and income-associated effects .0
no difference in school availability by income for the 20–24-year age
cohort, and schools are somewhat closer for lower-income households.41
Second, direct income effects account for only about half (54%) of
the total income gap in cognitive achievement.42 The most important
component of the direct income effect is through changing the home en-
vironment in a manner that works directly through the cognitive achieve-
ment production function, conditional on school attainment. This ac-
counts for about three-fifths of the total direct income effect, but it may
be an overestimate of the direct effect because income may be represent-
ing in part income-associated household characteristics. Second in im-
portance in the total direct income effect is the probability of starting
school (accounting for 28% of the total direct income effect).
Third, income-associated effects are about as important as the direct
income effects in the total income gaps in cognitive achievement in our
estimates, accounting for 55% (and may be larger in reality, since, as
noted above, some of their effects may be captured in our direct mea-
sures).43 Virtually all of this total income-associated effect works through
the probability of starting school.
V. Conclusions
In this study, we use a specially generated data set from rural Pakistan
to decompose the substantial income gap in cognitive achievement for a
cohort of recent graduates of the school system. To our knowledge, this
is the first such study for any society. Our results confirm the positive
association between household income and the schooling of children but
suggest that, over time, the income gap in cognitive achievement due to
schooling is narrowing in rural Pakistan. For the 20–24 age cohort, a
51.1% income gap between high- and low-income households is associ-
ated with a 40.4% gap in cognitive skills. For those in the 30–44 age
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cohort, a 47.1% income gap is associated with a 53.1% gap in cognitive
skills.
Our estimates suggest that school availability is influenced by in-
come differences and therefore is not a factor in explaining the income
gap in cognitive skills. Direct income effects and income-associated ef-
fects account for roughly equal shares of the income gap in cognitive
skills in our estimates, and the former may be representing part of the
latter. Our estimates have two important implications. First, the substan-
tial income gap in cognitive achievement is not reflective of direct in-
come effects alone. Simple associations of cognitive achievement with
income would overstate substantially, at least by a factor of two, the
probable impact of direct income increases on cognitive achievement.
This is so because the income-associated determinants would not change
just because income changed and because even our estimated income ef-
fects may be representing in part preference heterogeneity and other fac-
tors that are discussed above in Section II. High-income households are
more likely to enroll their children in school not because they have more
income but because their characteristics (not income determined) make
schooling more attractive or feasible.
Second, although previous studies have focused on the direct in-
come impact on starting school or on school attainment, our simulations
suggest that most of the estimated direct income effect is through creat-
ing a home or school environment that is conducive to learning, given
schooling attainment, not by affecting the probability of starting school
or schooling attainment.44 Policies designed to narrow the disparity in
school availability or school attainment across income groups will be far
less effective in closing the income gap in cognitive skills than simple
cross-tabulations among these indicators would suggest. Research should
focus on how school quality and the home learning environment enters
the cognitive skills production function.
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